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[57] ABSTRACT 

A method for alignment in photolithographic processes 
includes providing a target (31) comprising features having 
a characteristic spadal period (P). An optical image of the 
target is captured, and components (33) of the image lacking 
the characteristic spatial period (P) arc filtered out. The 
filtered image is integrated in the direction of the charac- 
teristic period (P) thereby creating an alignment signal (40), 
The alignment signal (40) is a symmetric signal which 
correlates to the symmetric target (31). A linear centroid (41) 
of the alignment signal is located, and corresponds to the 
precise linear center of the target (31). Consequently, the 
linear location of an object (10) upon which the target (31) 
is printed, can be accurately located. The process is per- 
formed in two perpendiciilar dimensions (x,y) so that the 
object (10) can be precisely located and positioned in two 
dimensions (x,y), 

17 Claims, 4 Drawing Sheets 
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METHOD FOR ALIGNMENT IN 
PHOTOLITHOGRAPHIC PROCESSES 



FIELD OF THE INVENTION 

The present invention relates, in general, to alignment 
methods, and more particularly, to alignment methods for 
use in photolithographic processes. 
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BACKGROUND OF THE INVENTION 



Highly precise alignment is required in the photolitho- 
graphic processes utilized in semiconductor device manu- 
facturing. For example, fabricating semiconductor devices 13 
typically requires a series of photolithographic masks used 
in sequence to create patterns on a semiconductor substrate. 
Each mask must be positioned precisely with respect to the 
semiconductor substrate and with respect to the location of 
the previously used masks. 20 

A variety of methods have been en^)loyed in the past in 
order to precisely locate photolithographic masks and semi- 
conductor substrates. For example, di&action gratings have 
been formed in the substrate. The grating is scanned by a 
light beam and the position of the substrate is detected based 25 
on the diflraction of the light. Alternatively, an optically 
detectable '*target" is patterned on the substrate or mask, die 
target's position being precisely known with respect to the 
rest of the substrate or mask. An image of the target is 
captured and the center or edges of the image is located, 30 
thereby revealing the position of the substrate or mask. 
However, such conventional methods are extremely sensi- 
tive to anomalies on the surface of the object being posi- 
tioned. For example, asynunetric photoresist coatings or 
grains of processing coatings such as metal grains will 35 
negatively impaa both the diffraction grating alignment 
method and the conventional optical target location method. 
For example, with respect to diffraction grating methods, 
such anomalies will scatter light in an unpredictable way. 
With respect , to the conventional optical target imaging 40 
methods, such anomalies will form part of the image, 
making the image asymmetric. Consequently, the "center'* 
of the image will be offset in an unpredictable way. 

What is needed is a method for alignment in photolitho- 
graphic processing which is robust and insensitive to anoma- 45 
lies on the surface of the object to be positioned. 
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FIG. 1 is a side view representing an optical microscope 
photolithographic alignment system; 

FIG. 2 is a top view representing a prior art alignment 
target; 

FIG. 3 is a graph illustrating a prior art alignment signal 55 
generated from the target of FIG, 2; 

FIG. 4 is a top view representing an alignment target in 
accordance with the present invention. 

FIG. 5 is a graph illustrating an alignment signal gener- 
ated from the aligtunent target of FIG. 4; 

FIG. 6 is a graph illustrating an alignment signal gener- 
ated from the alignment target of HG. 4; 

FIG. 7 is a top view representing an alternate alignment 
target; and 65 

FIG. 8 is a top view representing an alternate aligiunent 
target. 
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DETAILED DESCRIPTION OF THE DRAWINGS 

The present invention relates to a photolithographic align- 
ment system which uses an optical image of a target pat- 
terned on the object to be aligned (i.e. substrate or mask) in 
order to locate and position the object. For the sake of 
clarity, and in order to best teach the invention, only the 
alignment target will be referred to throughout the discus- 
sion, and it will be understood that the aligtunent target is 
associated with whatever object it is patterned on which is 
to be located and positioned. 

Generally, the system in accordance with the present 
invention employs a target pattcmed on an object to be 
positioned. The position of the target is known very pre- 
cisely, with respect to the remainder of the object to be 
positioned. The system very precisely locales the target by 
capturing an optical image of the target and accurately 
locating the center of the target Once the position of the 
center of the target is known, the object to be positioned may 
be repositioned in order to bring it into alignment as nec- 
essary. 

More specifically, a method consistent with the present 
invention includes providing a symmetric target patterned'^, 
on an object to be accurately positioned. The target com- \ 
prises features having a characteristic spatial period. Ani I 
optical image of the target is captured, and components of n 
the image lacking the characteristic spatial period are filtered \ 1 
out. The filtered image is integrated in the direction of the 1 1 
characteristic period, thereby creating an alignment signal, | 
The alignment signal is a symmetric signal which correlates j ! 
to the symmetric target A linear centroid of the alignment j 
signal is located, and corresponds to the precise linear center . 
of the target Consequently, the linear location of the object | 
upon which the target is patterned can be accurately located, jl 
The process is typically performed in two perpendicular j 
dimensions so that the object can be precisely located and J 
positioned in two dimensions. 

Turning to the figures for more detailed imderstanding, 
FIG. 1 is a side view representing an optical photolitho- 
graphic alignment system. An^obiectj^tojlbEMloca^'fMd^ 
rposiUpned^^liesibi^ifekti^^^ Under typical 

^circumstances, the object 10 may comprise a semiconductor 
substrate which is being processed in order to yield a 
plurality of semiconductor devices in the form of semicon- 
ductor die. Alternatively, object 10 may be a photolitho- 
graphic mask which must be precisely located and posi- 
tioned in order to accurately pattern a semiconductor 
substrate during device processing. In the embodiment 
shown, object 10 may be moved back and forth along the x 
direction indicated by arrow 12. The movement of object 10 
will typically be accomplished with a movable stage. 

Above object 10 are optical components 11. The optical 
components 11 of the system include a light source 13, a 
beam splitter 14. an imaging device such as a charge coupled 
device 15 and microscope objective 18. Lines 16 represent 
the light path. It will be recognized by those skilled in the art 
that inicrqscope objective 18 gprmits imaging device ISfto 
obtain fiffr image of ^ Very srnaU target which i^ oiT 
-object 10! For example, in the case where object 10 is the 
semiconductor substrate comprising a plurality of semicon- 
ductor die in the process of fabrication, opdcs 11 may be part 
of a stepper system and each die may have a very small 
target printed on it Optitis?ii^aUbv7sMUie^^^^ 
the^irMge ^df^eacH^iai^get on .each^^^ j^^^ as the ,stepperjM»ves' 
from one^cii^to anollS''dlffi3| 'prqces^^^^ 

Turning to FIG. 2 for a simplified representation of prior 
art methods, FIG. 2 is a top view representing the field of 
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view 22 of the optics of RG. 1 which includes target 19. In 
the embodiment shown, target 19 is an opaque vertical stripe 
(vertical in the y direction, as indicated) printed on object 10 
(FIG. 1). In typical applications, it is necessary to locate the 
exact center of target 19 along the y direction, indicated by 
X arrow 20. Note, that a similar target may be used, perpen- 
dicular to target 19, for locating the target and therefore 
object 10 along the y direction, indicated by y arrow 21. 
Within the field of view 22 of system optics 11, are found 
optical anomalies represented by *'s 23. Anomalies 23 may, 
for example, be metal grains which are an artifact of 
previous process steps. 

(Conventionally, jn ^ order;to-locate jhe- exact centex^f 
Ctafpit'19,-and therefore object 10 (FIG. 1), an optical image 
of field of view 22 is obtained. Subsequently, the light 
"intensity" of the image is integrated in the y direction to 
provide an * 'alignment signal". FIG. 3 illustrates the align- 
ment signal 28 resulting from the image captured from field 
of view 22 according to conventional methods. The align- 
ment signal is derived in a method consistent with the 
following equation (1): 
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That is, the alignment signal, I(x), is the summation (or 
integration) along the y direction of the intensity of the 
pixels of the image, yielding an intensity verse x-position 
aligrunent signal. It will be understood by those skilled in the 
art that a variety of analog and digital systems, including a 
common digital computer, can be coupled to the imaging 
device 13 in order to capture the image electronically. It is 
well known that such systems can manipulate the image data 
in a manner described by mathematical equations, such as 
equation (1), in order to provide various resultant signals, 
such as the aligrunent signals discussed below. 

In view of the equation, it will be understood that peak 24 
relates to target 19. Furthermore,.peak 25^relates to metal 
grains 23. Accordtog to conventional -methotb, the system 
.-attempts to find the exact center of target 19 and thef^orT& 
(the precise location of "object'lO by ioc^ 
along- the X direction of jlignment signal 28, It will Be 
n understood by those skilled'irrthe^ that a cenixoid'^ongz^ 
f X is the^positionatAvhich equal area^ lie both^5 

r to the left MilKeript7Consequently,~it' willbe recognized^ 
that for perfectly symn^Sic iiTiag0tJfgct)^lhe cenfibid wilF 
(lie at theexact center of the target,^ Therefore, locating the 
centroid inherently identifies theater of the target. How- 
ever, if the image is not symmetric as when metal grains 23 
are present, the centroid will be shifted from the exact center 
of the desired target. This concept is illustrated by the 
separation between location 29 on the x axis of HG, 3 from 
dotted line 30 which is the centroid along x of curve 28. FIG. 
2 and 3, then, illustrate the fact that the conventional 
alignment method shovm is sensitive to optical anomalies, 
and negatively impacted by them. 

Tliming to FIG. 4, a target consistent with the method of 
the present invention is shown. More specifically, FIG. 4 
comprises field of view 32 which includes target 31. Target 
31 comprises a two-dimensional grid having features spaced 
in both directions with the characteristic spatial period P. 
Furthermore, within field 32 is a number of optical anoma- 
lies represented by ♦'s 33, which may be metal grains or the 
like. 

'Riming to FIG. 5, FIG. 5 illustrates an alignment signal 
derived from an image obtained from the field of view 32 
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using the previously discussed conventional method. Align- 
ment signal 34 of FIG. 5 does have certain characteristics 
which correspond to target 31. but it is highly distorted due 
to metal grains 33. More specifically, peaks 35 may corre- 
spond to columns 36 of the "dots" of target 31. However, 
because alignment signal 34 is derived in a manner consis- 
tent with equation (1) above, grains 33 also e£fect the shape 
of the sigiial. Therefore, alignment signal 34 is highly 
distorted from the desired signal which would be clean 
peaks relating to columns 36 of FIG. 4, and nothing more. 
Proceeding with the conventional method for locating the 
center of the target along the direction x, the centroid along 
X of the curve (alignment signal) 34 is located at dotted line 
38. However, the actual center of the target is located along 
the X axis at 39. The separation between centroid 38 and 
desired location 39 is due to the abundance of particles 33 
on the left side of target 31. 

Turning to FIG. 6, FIG. 6 illustrates an alignment signal 
which is derived in accordance with the method of the 
present invention. More specifically, the alignment signal 40 
of FIG. 6 is derived in a manner consistent with the 
following equation (2): 
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The above equation is one way of mathematically filtering 
out components of the image derived from field of view 32 
which lack the characteristic spatial period P, in the y 
direction. It will be recognized that anomalies such as grains 
33 are typically distributed randomly. Clonsequently, such 
anomalies will tend not to exhibit a characteristic spatial 
period. Therefore, -4hey"*>^ilIctcndH^^^ . cHminatedr whfen 
componOTts lacking„any^defined , spatial .period are filterSl^ 
-from the image data.^ It should be understood that there are 
a variety of different ways to filter out components of an 
image which lack a particular spatial frequency or period, 
and such alternatives should be understood to fall within the 
scope of the present invention. 

Once a "clean" alignment signal 40 is obtained in accor- 
dance with the method of the present invention, the centroid 
along X 41 of the curve 40 is located, and perfectly coincides 
with the precise center of the target. This is because the clean 
alignment signal 40 is not distorted and therefore carries 
only the features of target 41, which are symmetric by 
design. 

Returning briefly to FIG. 4, it will be recognized that since 
target 31 is a symmetric two-dimensional grid, target 31 may 
be employed in a manner similar to that described above to 
precisely locate the target in the y direction as well. 

FIG. 7 and 8 are alternative targets which may also be 
employed in accordance with the method of the present 
invention. More specifically, FIG. 7 illustrates a vertical 
column 42 of stripes spaced at characteristic spatial period 
Pj. It will be recognized, in view of the foregoing discus- 
sion, that vertical column 42 may be us&d to precisely locate 
the target Cm the x direction t)y summing (integrating) 
tintepity^in-the-y direction whilc„filtcring^out components 
(^IJckmgJchar^terisU period, P^ Additionally^ the 

target of HG. 7 includes a row 43 of stripes spaced at a 
different characteristic spatial period P2. It will be recog- 
nized that row 43 may be used to precisely locate the target 
in the y direction by summing (integrating) intensity^ in-the 
x^fectipn ^while fiUerijig out components-lacking charac- 
Cteristic spatial period, PJ. 

Referring to HG. 8, FIG. 8 illustrates alternative target 44, 
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comprising a two-dimensional grid of rows and columns of 
circular dots. The dots are spaced in the y direction with a 
characteristic spatial period, P3, and in the x direction with 
a characteristic spatial period, P4. Consequently, jtiiejmage 
(lJata^may-be-sumnied~in-thc.y Sircctionr filtcring"put ;c<fm- 
(ponents which l^lclhe.diaracteristic period Pj, to provide 
ca "clean" alignment signal expressing intensity verse x" 
^ positionf Simiiarly, the image data may be summed in the x 
direction, filtering out components which lack the charac- 
teristic period P4. to provide a "clean" alignment signal 
expressing intensity versus y position. 

It should now be appreciated that an improved method for 
alignment in photolithographic processing has been shown 
which is capablerdraccurately locating an aU^m^ 
and accurately positioning objcct on which the targct"is 
(printed. The' method disclosed is particularly robust and 
insensitive to anomalies on the surface of the object to be 
positioned. 

While specific illustrative embodiments of the method of 
the present invention have been shown, further modifica- 
tions and improvements will occur to those skilled in the art. 
Consequently, it should be understood that this invention is 
not limited to the particular embodiment shown, but rather 
intended to cover all modifications which lie within the 
scope of the following claims. 

We claim: 

1. A method for alignment in photolithographic processes 
comprising the steps of: 

providing a photolithographic alignment target compris- 
ing features spaced at a characteristic spatial period; 

illuminating the photolithographic alignment target; 

( jbtainin g an innage ofthejarget; 

mathematically filtering out components of the image 
which lack the characteristic spatial period; 

integrating the image in a first direction thereby creating 
an alignment signal I' (x); 

determining, in response to the alignment signal, a linear 
position of the target in a second direction; and 

repositioning the target in response to determining the 
linear position of the target. 

2. The method of claim 1, wherein the target comprises a 
two-dimensional grid of the features spaced in boUi the first 
direction and the second direction by the characteristic 
spatial period. 

3. The method of claim 1, wherein the target comprises a 
two-dimensional grid of the features spaced in the first 
direction by the characteristic spatial period and spaced in 
the second direction by a different spatial period. 

4. The method of claim 1, wherein the target is pattemed 
on a semiconductor substrate. 

5. The meUiod of claim 1, wherein the target is pattemed 
on a photolithographic mask. 

6. The method of claim 1, wherein the alignment signal, 
r (x), is derived by applying an equation: 
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8. A ractiiod for alignment in photolithographic prt)ccsses 
comprising the steps of: 

providing a two-dimensional target comprising features 

having a first spatial period in a first direction; 
obtaining an image of the target; 
mathematically filtering out components of the image that 

lack the first spatial period in the first direction, thereby 

creating a filtered image; 
summing die filtered image in the first direction, thereby 

creating an alignment signal; 
determining a location of the target along a second 

direction, perpendicular to the first direction. 

9. The method of claim 8, wherein die target comprises a 
grid of features having the first spatial period in the first 
direction and a second spatial period in the second direction. 

10. The method of claim 8, wherein the target comprises 
a grid of features having the first spatial period in both the 
first direction and the second direction. 

11. The method of claim 8, wherein the target is pattemed 
on a semiconductor wafer. 

12. The method of claim 8. wherein the target is pattemed 
on a photolithographic mask. 

13. The method of claim 8, further comprising reposi- 
tioning the target in response to determining the location of 
the target. 

14. The method of claim 8, wherein the step of determin- 
ing comprises locating a centroid along the second direction 
of a curve representing the alignment signal. 

15. A method for alignment in photolithographic pro- 
cesses comprising the steps of: 

providing an alignment target comprising a plurality of 
features spaced periodically in a y direction with a 
characteristic period P; 

illuminating the target; 

capturing an image of die target; 

filtering out components of the image which lack the 
characteristic period P in the y direction, and summing 
die image in the y direction by applying die equation: 
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where P is the characteristic spatial period. 

7. The method of claim 1, wherein the step of determining 
comprises locating a centroid along the second direction of 
a curve representing the alignment signal. 



thereby creating an aligrunent signal represented by a func- 
tion r (x); 

determining a linear position of the target in an x direction 
by locating a centroid along x of the function I* (x); and 

repositioning the target in response to determining the 
linear position of the target 

16. The method of claim 15, wherein the target comprises 
a two-dimensional grid wherein the plurality of features are 
spaced in the y direction with the characteristic period P and 
spaced in die x direction with a diflferent period. 

17. The method of claim 15, wherein the target comprises 
a two-dimensional grid wherein die plurality of features are 
spaced in both tiie x direction and the y direction with die 
characteristic period P. 
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